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•  ATLAS	
  Higgs	
  to	
  WW	
  results	
  	
  
–  July	
  4,	
  2013	
  results	
  submiIed	
  to	
  PRB	
  

(arXiv	
  :1307.1427)	
  
–  ggF	
  	
  
–  Associated	
  producTon	
  (WH/ZH)	
  
–  VBF	
  (Ben’s	
  talk)	
  

2012	
  8	
  TeV	
  	
  



Higgs	
  ProducTon	
  on	
  the	
  LHC	
  
•  Main	
  producTon	
  is	
  gluon-­‐gluon	
  fusion	
  (ggF)	
  

–  SensiTve	
  to	
  new	
  physics	
  in	
  loop	
  
–  Subject	
  of	
  this	
  talk	
  

•  Vector	
  boson	
  fusion	
  (VBF)	
  and	
  associated	
  
producTon	
  
–  SensiTve	
  to	
  tree	
  level	
  vector	
  boson	
  couplings	
  	
  	
  

•  SensiTvity	
  to	
  spin	
  and	
  couplings	
  to	
  W/Z	
  and	
  top	
  
–  Can	
  measure	
  direct	
  WW/ZZ	
  to	
  Higgs	
  coupling	
  in	
  

the	
  qq’→qq’H	
  (VBF)	
  channel	
  

VBF	
  

Associated	
  ProducTon	
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This	
  talk	
  

Next	
  talk	
  

This	
  talk	
  



Contending	
  with	
  Many	
  
Backgrounds	
  

•  Ordered	
  list	
  of	
  most	
  important	
  
backgrounds	
  for	
  Higgs	
  with	
  mH=125	
  
GeV/c2	
  in	
  the	
  opposite	
  flavor	
  channel	
  
with	
  no	
  accompanying	
  jets	
  

W+Jets	
  is	
  extremely	
  important	
  for	
  
low	
  Higgs	
  mass	
  measurements	
  

	
  -­‐	
  Large	
  uncertainty	
  (40%)	
  
	
  -­‐	
  Similar	
  kinemaAcs	
  to	
  signal	
  
	
  -­‐	
  Difficult	
  to	
  simulate	
  
	
  -­‐	
  Fully	
  data	
  driven	
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H→WW→lνlν Binned	
  
Likelihood	
  MT	
  Fit	
  

4	
  

Split	
  jet	
  bins	
  (0j,	
  1j,	
  2j)	
  

Fit	
  MT	
  	
  

VBF	
  

•  Single	
  lepton	
  triggers	
  (e,µ)	
  
–  PTlep>25,	
  15	
  	
  GeV	
  (2	
  opposite	
  sign	
  leptons)	
  

•  Muons	
  (electron)	
  |η|<2.5	
  (2.47)	
  
•  IsolaTon	
  and	
  impact	
  parameter	
  selecTons	
  

–  Ptjet>25	
  GeV	
  (30	
  for	
  |η|>2.5)	
  

•  Split	
  ee,	
  µµ,	
  eµ,	
  and	
  µe	
  
–  Talk	
  focuses	
  on	
  0j	
  eµ+µe	
  
–  Same	
  flavor	
  

•  Adds	
  10%	
  
•  Large	
  DY	
  background	
  from	
  MET	
  degradaTon	
  

(~20-­‐30	
  pp	
  collisions	
  per	
  bunch	
  crossing)	
  	
  

•  Fit	
  transverse	
  mass	
  (MT)	
  distribuTon	
  
–  2	
  bins	
  of	
  Mll	
  in	
  Opposite	
  flavor	
  	
  

Limited	
  mass	
  resoluTon	
  
arXiv:1307.1427	
  DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  



H→WW→lνlν Binned	
  
Likelihood	
  MT	
  Fit	
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Split	
  jet	
  bins	
  (0j,	
  1j,	
  2j)	
  

Fit	
  MT	
  	
  

VBF	
  

•  Single	
  lepton	
  triggers	
  (e,µ)	
  
–  PTlep>25,	
  15	
  	
  GeV	
  (2	
  opposite	
  sign	
  leptons)	
  

•  Muons	
  (electron)	
  |η|<2.5	
  (2.47)	
  
•  IsolaTon	
  and	
  impact	
  parameter	
  selecTons	
  

–  Ptjet>25	
  GeV	
  (30	
  for	
  |η|>2.5)	
  

•  Split	
  ee,	
  µµ,	
  eµ,	
  and	
  µe	
  
–  Talk	
  focuses	
  on	
  0j	
  eµ+µe	
  
–  Same	
  flavor	
  

•  Adds	
  10%	
  
•  Large	
  DY	
  background	
  from	
  MET	
  degradaTon	
  

(~20-­‐30	
  pp	
  collisions	
  per	
  bunch	
  crossing)	
  	
  

•  Fit	
  transverse	
  mass	
  (MT)	
  distribuTon	
  
–  2	
  bins	
  of	
  Mll	
  in	
  Opposite	
  flavor	
  	
  

Limited	
  mass	
  resoluTon	
  
arXiv:1307.1427	
  DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  

W+jets	
  has	
  similar	
  kinemaTcs	
  to	
  
signal	
  and	
  a	
  large	
  uncertainty	
  

Signal	
  



0	
  Jet	
  Signal	
  SelecTon	
  
•  Erel	
  is	
  sensiTve	
  to	
  the	
  

direcTon	
  of	
  MET	
  along	
  
objects	
  
–  Leptonic	
  τ	
  decays	
  

•  Much	
  harsher	
  MET	
  
requirement	
  for	
  the	
  same	
  
flavor	
  

– METRel>45	
  GeV	
  

6	
  

MET	
  

l2	
  

l1	
  

φ

Transverse	
  
plane	
  to	
  
beam	
  line	
  

Erel>25	
  
miss	
  

miss	
  

Erel=MET.	
  
miss	
   1,	
  

sin	
  φ,	
  
φ>π/2	
  
else	
  

x	
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0	
  Jet	
  Signal	
  SelecTon	
  and	
  WW	
  
Modeling	
  

7	
  

WW	
  CR	
  New	
  Split	
  
in	
  SR	
  

Old	
  WW	
  CR	
  

WW	
  ValidaTon	
  Region	
  

Signal	
  

MET	
  

l	
  
l	
  

Background	
  

MET	
  

l	
  

l	
  

•  Total	
  Uncertainty	
  on	
  WW	
  
•  74%	
  of	
  0jet	
  background	
  
•  	
  7.4%	
  in	
  0jet	
  
•  Includes	
  theoreTcal	
  and	
  staTsTcal	
  

shape	
  uncertainTes	
  
•  Experimentally	
  dominated	
  DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  

•  Higgs	
  spin-­‐0+V-­‐A	
  decays	
  
provide	
  collinear	
  leptons	
  
–  PTll>30	
  GeV	
  
–  Mll<50	
  GeV	
  
–  Δφll<1.8	
  

•  See	
  Lashkar’s	
  talk	
  for	
  non-­‐
spin-­‐0	
  specific	
  analysis	
  

arXiv:1307.1427	
  



W+Jet	
  Modeling	
  	
  

•  Fully	
  data	
  driven	
  
•  fjet	
  
– Derived	
  from	
  QCD	
  CR	
  in	
  
data	
  

–  ~40%	
  uncertainty	
  
•  Modeling	
  is	
  validated	
  with	
  

same	
  sign	
  lepton	
  pairs	
  

Same	
  Sign	
  ValidaTon	
  

8	
  
DPF	
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Prompt	
  
Lepton	
   Jet-­‐enriched	
  

definiTon	
  NW+Jets	
  =	
  Σ fjet	
  	
  (	
  i	
  

Events	
  

)	
  

fjet	
  is	
  the	
  “transfer	
  factor”	
  from	
  jet	
  enriched	
  
leptons	
  to	
  our	
  isolaTon	
  definiTons.	
  

*	
  

arXiv:1307.1427	
  



Top	
  EsTmate	
  
•  ~2%	
  of	
  top	
  events	
  are	
  in	
  
the	
  0	
  jet	
  (unlikely)	
  

•  Large	
  uncertainty	
  
(13%)	
  

•  Use	
  data	
  driven	
  method	
  
to	
  correct	
  simulaTon	
  
•  Jet	
  Veto	
  Survival	
  FracTon	
  (JVSP)	
  

•  Basically:	
  probability	
  to	
  miss	
  2	
  jets	
  

•  RaTo	
  to	
  simulaTon	
  is	
  
1.11±	
  0.14	
  

•  1	
  jet	
  uses	
  a	
  b-­‐tagged	
  CR	
  
9	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
   arXiv:1307.1427	
  

Jet	
  Bin	
   %	
  
background	
  

Top	
  
background	
  

0	
  jet	
   5%	
   39	
  ±	
  5	
  

1	
  jet	
   36%	
   95	
  	
  ±	
  28	
  



Same	
  Flavor:	
  PacMan	
  

10	
  

•  Z/γ*	
  enters	
  because	
  MET	
  mis-­‐measures	
  some	
  sow	
  hadronic	
  acTvity	
  
•  Measure	
  sow	
  hadronic	
  recoil	
  (jets	
  with	
  PT<25	
  GeV)	
  

•  Reduces	
  DY	
  by	
  a	
  factor	
  5	
  
•  Adapted	
  to	
  1j	
  using	
  PTll+jet	
  
•  Fit	
  for	
  Z/γ*	
  normalizaTon	
  using	
  driven	
  templates	
  	
  for	
  normalizaTon	
  	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
   Recoil/PTll	
  

µ	



µ	



Sow	
  
Hadronic	
  
recoil	
  

Recoil	
  measurement	
  
in	
  0	
  jet	
  events	
  

Z/γ*	
  

H-­‐>WW	
  



Summary	
  of	
  Backgrounds	
  

11	
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UncertainTes	
  include	
  
anT-­‐correlaTons	
  

•  Signal	
  and	
  background	
  summed	
  over	
  ee+µµ+eµ	
  

Largest	
  background	
  



Fit	
  Results	
  	
  

•  Best	
  p0	
  is	
  4.0	
  σSM at	
  mH	
  =	
  
140	
  GeV/c2	
  

•  Reject	
  the	
  no	
  Higgs	
  
hypothesis	
  at	
  3.8	
  σSM at	
  mH	
  

=	
  125.5	
  GeV/c2	
  

12	
  DPF	
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WW	
  

•  Signal	
  strength	
  (µ)	
  is	
  1	
  for	
  SM	
  
(mH	
  =	
  125.5	
  GeV/c2)	
  

•  µH=	
  0.8	
  ±	
  0.3	
  only	
  0+1jet	
  
•  µH=	
  1.0	
  ±	
  0.3	
  with	
  VBF	
  	
  

Standard	
  
Model	
  
ExpectaTon	
  

arXiv:1307.1427	
  



Dedicated	
  High	
  Mass	
  Search	
  
H→WW	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  

•  Extend	
  search	
  for	
  an	
  addiTonal	
  SM	
  
Higgs	
  to	
  1TeV	
  (125	
  GeV	
  Higgs	
  is	
  a	
  
background)	
  

•  8TeV	
  dataset	
  20.7/z	
  eµ	
  •	
  {0,1,VBF}	
  

•  Low	
  mass	
  cut	
  	
  →	
  High	
  mass	
  cut	
  
•  Mll<50	
  →	
  Mll>50	
  GeV	
  
•  |Δϕll|<1.8	
  →	
  |Δηll|<1.0	
  

•  Consider	
  two	
  lineshape	
  scenarios:	
  
•  Narrow	
  width	
  approx.	
  (NWA)	
  
•  Standard	
  Model	
  (SM)	
  
•  Exclude	
  SM	
  XS	
  at	
  95%	
  CL	
  

from	
  260	
  <	
  MH<	
  642	
  GeV	
  
with	
  VBF	
  

Narrow	
  Width	
  

13	
  h)ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-­‐CONF-­‐2013-­‐067/	
  



Associated	
  ProducAon	
  
H→WW	
  

14	
  DPF	
  August	
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  –	
  Doug	
  Schaefer	
  

•  SensiTve	
  to	
  direct	
  Higgs	
  to	
  W/Z	
  
coupling	
  (no	
  loops)	
  

q
H

W, Z

W, Z

q

h)ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-­‐CONF-­‐2013-­‐075/	
  



•  WH→lν lνlν	
  	
  
•  Search	
  for	
  3	
  isolated	
  leptons+MET	
  
•  Split	
  analysis	
  into	
  Z	
  enriched	
  and	
  Z	
  

depleted	
  regions	
  
•  Expected	
  limit	
  is	
  4.0	
  σSM	
  and	
  

observed	
  is	
  7.5	
  at	
  mH	
  =	
  125	
  
•  1.7	
  σ	
  excess	
  mainly	
  in	
  Z	
  depleted	
  

region	
  
•  ZH→ll	
  lνlν	
  

•  Search	
  for	
  4	
  isolated	
  leptons+MET	
  
•  Split	
  analysis	
  into	
  1	
  SF	
  OS	
  and	
  2	
  SF	
  

OS	
  pairs	
  and	
  uses	
  V-­‐A	
  higgs	
  decay	
  
•  Expected	
  limit	
  is	
  9.6	
  σSM	
  and	
  

observed	
  is	
  14.3	
  at	
  mH	
  =	
  125	
  
•  1.5	
  σ	
  excess	
  

15	
  

ZH/WH	
  Associated	
  Higgs	
  
Analysis	
  

Previously	
  2011	
  only	
  

(New	
  For	
  EPS)	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  



Conclusion	
  

•  The	
  cross-­‐secTon	
  and	
  signal	
  strength	
  are	
  
consistent	
  with	
  the	
  standard	
  model	
  Higgs	
  

•  No	
  evidence	
  for	
  an	
  addiTonal	
  higher	
  mass	
  
Higgs	
  with	
  mass	
  less	
  than	
  642	
  GeV	
  

•  Small	
  excesses	
  observed	
  the	
  WH/ZH	
  analyses	
  

•  Wait	
  unTl	
  2015	
  for	
  13-­‐14	
  TeV	
  data	
  

16	
  DPF	
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  –	
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  Schaefer	
  



Backup	
  

17	
  DPF	
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  Doug	
  Schaefer	
  



Signal	
  Strength	
  

18	
  



Summary	
  of	
  Backgrounds	
  

19	
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H→WW→lνlν (rate)	
  

20	
  

•  lνlν	
  means	
  eνeν,	
  eνµν,	
  and	
  µνµν	
  
•  2012	
  Analysis	
  (20.7/z):	
  

–  Split	
  into	
  2	
  bins	
  in	
  mll	
  
–  New	
  WW	
  CR	
  (closer	
  to	
  SR)	
  
–  Same	
  flavor	
  channel	
  	
  
–  VBF	
  analysis	
  (Ben’s	
  talk)	
  
–  ZH/WH	
  (3l+4l)	
  (New	
  for	
  EPS)	
  

•  Re-­‐analysis	
  of	
  2011	
  (4.6	
  /z)	
  
–  Updated	
  to	
  match	
  2012	
  

•  WW	
  (MC@NLO	
  -­‐>	
  Powheg)	
  
•  Tightened	
  isolaTon	
  to	
  reduce	
  W+jets	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
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h)p://arxiv.org/abs/1307.1427	
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Presented	
  Here	
  
Presented	
  
Here	
  

Total	
  WW	
  

VBF	
  WW	
  
(Ben’s	
  
presentaTon)	
  Note	
  all	
  signal	
  

strength	
  are	
  
µVBF+ggF+VH	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  



Dedicated	
  High	
  Mass	
  Search	
  
H→WW	
  

22	
  DPF	
  August	
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  Doug	
  Schaefer	
  

•  Extends	
  the	
  search	
  for	
  an	
  
addiTonal	
  SM	
  Higgs	
  to	
  1TeV	
  

•  Full	
  8TeV	
  dataset	
  20.7/z	
  
•  Opposite	
  flavor	
  channel	
  
•  	
  0+1jet	
  
•  VBF	
  (not	
  discussed)	
  

•  SelecTon	
  similar	
  to	
  low	
  mass	
  
•  Mll>50	
  GeV	
  (Mll<50	
  )	
  
•  |Δηll|<1.0	
  (|Δϕll|<1.8)	
  
•  WW	
  CR	
  has	
  |Δηll|>1.0	
  
•  Fit	
  MT	
  

h)ps://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-­‐CONF-­‐2013-­‐067/	
  

(New	
  For	
  EPS)	
  



Top	
  EsTmate	
  
•  0	
  jet	
  top	
  esTmate	
  is	
  
simulaTon	
  corrected	
  using	
  
jet	
  veto	
  survival	
  probability	
  
(JVSF)	
  
•  b	
  jet	
  control	
  region	
  is	
  
very	
  pure	
  in	
  data	
  

•  Measure	
  jet	
  survival	
  
probability	
  in	
  data	
  and	
  
simulaTon	
  

•  JSVF	
  Probability	
  is	
  small	
  but	
  
has	
  large	
  uncertainty	
  (17%)	
  	
  	
  

•  RaTo	
  to	
  simulaTon	
  is	
  
1.11+/-­‐	
  0.19	
  

•  1	
  jet	
  uses	
  a	
  b-­‐tagged	
  CR	
  

Pb-­‐tag	
  =	
  Prob(no	
  addiTonal	
  jets)	
  =	
  	
  
1	
  or	
  more	
  b	
  tags	
  

No	
  addiTonal	
  jets	
  
In	
  the	
  b	
  tag	
  control	
  region,	
  

For	
  the	
  0	
  jet	
  top	
  esTmate,	
  

23	
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Top	
  EsTmate	
  (conTnued)	
  

•  1	
  jet	
  analyses	
  use	
  b	
  tagged	
  jet	
  
events	
  as	
  a	
  control	
  region	
  	
  
•  Relax	
  mll	
  and	
  Δφll	
  cuts	
  
•  KinemaTcs	
  are	
  well	
  
modeled	
  

•  Very	
  pure	
  top	
  sample	
  
•  Top	
  background	
  is	
  
normalized	
  to	
  the	
  control	
  
region	
  
•  1.11	
  +/-­‐	
  0.05	
  (stat)	
  in	
  1	
  jet	
  
•  1.01	
  +/-­‐	
  0.26	
  (stat)	
  in	
  2	
  jet	
  

•  RaTo	
  of	
  Ibar	
  and	
  single	
  
top	
  is	
  fixed	
  by	
  the	
  
simulaTon	
   24	
  

DPF	
  August	
  18	
  –	
  Doug	
  Schaefer	
  



Same	
  Flavor	
  Channel	
  

25	
  

•  ee	
  and	
  µµ swamped	
  by	
  DY	
  
background	
  

•  Adopt	
  stringent	
  MET	
  cuts	
  
•  METRel>45	
  GeV	
  

•  Measure	
  hadronic	
  recoil	
  
with	
  sow	
  jets	
  (PT>10	
  GeV)	
  
•  Details	
  on	
  next	
  slide	
  

MetRel
>45	
  

DPF	
  August	
  16	
  –	
  Doug	
  Schaefer	
  

20	
  
Collisions	
  

METRel>45	
  



PacMan	
  

26	
  

•  Measures	
  hadronic	
  recoil	
  

•  Reduces	
  DY	
  by	
  a	
  factor	
  5	
  
•  Adapted	
  to	
  1j	
  using	
  PTllj	
  
•  Fit	
  using	
  data	
  driven	
  
templates	
  	
  for	
  normalizaTon	
  	
  

Recoil	
  Variable	
  

µ	



µ	


Hadronic	
  
recoil	
  

Pileup	
  
weight	
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Coupling	
  Results	
  	
  

•  WW	
  has	
  limited	
  mass	
  
resoluTon	
  

•  µH=	
  1.0	
  +/-­‐	
  0.3	
  at	
  mH	
  =	
  125.5	
  
GeV/c2	
  

•  µVBF=	
  1.6	
  +	
  0.7	
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•  ZZ	
  has	
  very	
  good	
  mass	
  resoluTon	
  
•  1	
  VBF	
  with	
  120<m4l<130	
  GeV	
  

•  0.4	
  VBF	
  expected	
  (S/B~1)	
  
•  1	
  VH	
  Candidate	
  (m4l=270	
  GeV)	
  

•  µH=	
  1.4	
  +/-­‐	
  0.4	
  at	
  mH	
  =	
  125.5	
  GeV/c2	
  	
  

WW	
   ZZ	
  

0.8	
  
-­‐	
  

ZZ	
  

WW	
  
Standard	
  
Model	
  
ExpectaTon	
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H→WW	
  Events	
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H→WW	
  Analysis	
  Hinges	
  on	
  Spin	
  

•  Most	
  cuts	
  are	
  moTvated	
  by	
  the	
  spin	
  0	
  nature	
  of	
  the	
  Higgs	
  
boson	
  
– Weak	
  (V-­‐A)	
  decays	
  cause	
  the	
  leptons	
  to	
  be	
  collinear	
  
–  One	
  lepton	
  (e,µ)	
  is	
  opposite	
  W	
  momentum	
  	
  
–  Clean	
  signature	
  of	
  2	
  leptons	
  +	
  Missing	
  Transverse	
  Energy	
  (MET)	
  	
  

W+	
  

W-­‐	
  

e+	
  

υe	
  	



_	
  

e-­‐	
  

υe	
  	

Spin	
  
(Momentum)	
  

Spin	
  pushes	
  the	
  
leptons	
  to	
  be	
  in	
  
the	
  same	
  
direcTon	
  

Spin	
   Momentum	
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0	
  Jet	
  Signal	
  SelecTon	
  

•  Erel	
  is	
  sensiTve	
  to	
  the	
  
direcTon	
  of	
  MET	
  
along	
  objects	
  
–  τ	
  decays	
  

•  Higgs	
  spin+V-­‐A	
  
decays	
  provide	
  
collinear	
  leptons	
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PTll>30	
  GeV	
   Mll<50	
  GeV	
   Δφll<1.8	
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MET	
  

l2	
  

l1	
  

φ

Transverse	
  
plane	
  to	
  
beam	
  line	
  

Erel>25	
  
miss	
  

miss	
  

Increasing	
  cut	
  order	
  

Erel=MET.	
  
miss	
   1,	
  

sin	
  φ,	
  
φ>π/2	
  
else	
  

x	
  



0	
  Jet	
  Signal	
  SelecTon	
  

•  Erel	
  is	
  sensiTve	
  to	
  the	
  
direcTon	
  of	
  MET	
  
along	
  objects	
  
–  τ	
  decays	
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MET	
  

l2	
  

l1	
  

φ

Transverse	
  
plane	
  to	
  
beam	
  line	
  

Erel>25	
  
miss	
  

miss	
  

Erel=MET.	
  
miss	
   1,	
  

sin	
  φ,	
  
φ>π/2	
  
else	
  

x	
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WW	
  Modeling	
  

•  SR	
  fracAon	
  of	
  background	
  
–  74%	
  of	
  0	
  jet	
  bkg	
  
–  38%	
  of	
  1	
  jet	
  bkg	
  

•  Control	
  region:	
  
–  50<Mll<100	
  GeV	
  	
  (was	
  

Mll>80)	
  	
  
–  Remove	
  Δφll	
  cut	
  
–  Closer	
  to	
  SR	
  (reduced	
  

uncertainTes)	
  
–  Less	
  pure	
  (70%	
  in	
  0j	
  CR)	
  	
  

•  NormalizaAon	
  in	
  CR	
  
–  1.16+/-­‐	
  0.04	
  (stat)	
  in	
  0	
  jet	
  
–  1.03	
  +/-­‐	
  0.06	
  (stat)	
  in	
  1	
  jet	
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WW	
  CR	
  New	
  Split	
  
in	
  SR	
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Old	
  WW	
  CR	
  

WW	
  ValidaTon	
  Region	
  

•  Total	
  Uncertainty	
  on	
  WW	
  
•  	
  7.4%	
  in	
  0jet	
  
•  Includes	
  theoreTcal	
  and	
  staTsTcal	
  

shape	
  uncertainTes	
  
•  Experimentally	
  dominated	
  

Mll	
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•  ATLAS	
  collected	
  data	
  with	
  high	
  efficiency	
  and	
  
good	
  data	
  quality	
  

•  Presented	
  results	
  combine	
  4.6	
  z-­‐1	
  of	
  2011	
  7TeV	
  and	
  
20.7	
  z-­‐1	
  of	
  2012	
  8	
  TeV	
  data	
  

•  Now	
  wait	
  unTl	
  2015	
  for	
  14	
  TeV	
  data	
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2011+2012	
  Signal	
  Strength	
  
Results	
  	
  

•  WW	
  has	
  limited	
  mass	
  
resoluTon	
  

•  Signal	
  strength	
  at	
  mH	
  =	
  
125	
  GeV/c2	
  is	
  1.0	
  +/-­‐	
  0.3	
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•  ZZ	
  has	
  very	
  good	
  mass	
  
resoluTon	
  

•  Signal	
  strength	
  at	
  mH	
  =	
  
125.5	
  GeV/c2	
  is	
  1.5	
  +/-­‐	
  0.4	
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   ZZ	
  



UncertainTes	
  on	
  Signal	
  and	
  
Background	
  

•  Dominant	
  
systemaTcs	
  are	
  
signal	
  theoreTcal	
  
uncertainTes	
  

•  Largest	
  detector	
  
systemaTc	
  is	
  WW	
  
normalizaTon	
  and	
  
W+Jets	
  
uncertainty	
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HWW	
  Top	
  CRs	
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VBF	
   1	
  jet	
  



HWW	
  WW	
  CRs	
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W+Jet	
  Modeling	
  	
  

•  W+Jet→lν jet	
  (jet	
  fakes	
  lepton)	
  	
  
•  Gluon	
  and	
  quark	
  showering	
  (jets)	
  can	
  mimic	
  the	
  signature	
  
of	
  an	
  isolated	
  electron	
  or	
  muon	
  

•  Does	
  not	
  happen	
  very	
  owen,	
  but	
  we	
  have	
  a	
  lot	
  of	
  jets!	
  

MulT-­‐Jet	
  Event	
   Electron	
  Candidates	
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W+Jet	
  Modeling	
  (conTnued)	
  

•  Important	
  background	
  
–  KinemaTcs	
  are	
  very	
  similar	
  to	
  low	
  mass	
  Higgs	
  
–  Not	
  modeled	
  well	
  by	
  simulaTon	
  (MC)	
  

•  Data	
  driven	
  method	
  
– Model	
  jets	
  imitaTng	
  prompt	
  leptons	
  using	
  a	
  “transfer	
  factor”	
  	
  
–  Predict	
  all	
  kinemaTc	
  distribuTons	
  
– Make	
  the	
  same	
  event	
  selecTons	
  to	
  these	
  events	
  

Prompt	
  
Lepton	
   Jet-­‐enriched	
  

definiTon	
  NW+Jets	
  =	
  Σ fjet(	
  i	
  

Events	
  

)	
  

fjet	
  is	
  the	
  “transfer	
  factor”	
  from	
  jet	
  enriched	
  
leptons	
  to	
  our	
  isolaTon	
  definiTons.	
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W+Jet	
  Modeling	
  (conTnued)	
  

•  ~40%	
  uncertainTes	
  in	
  
“transfer	
  factor”	
  	
  
– Differences	
  in	
  jet	
  PT	
  	
  
spectrum	
  

– Differences	
  in	
  jet	
  flavor	
  
composiTon	
  	
  

•  Modeling	
  is	
  validated	
  
with	
  same	
  sign	
  lepton	
  
pairs	
  

fjet=	
  
(Isolated	
  leptons)	
  

(“jet-­‐enriched”	
  leptons)	
  

Measure	
  in	
  a	
  mulT-­‐jet	
  sample	
  

Same	
  Sign	
  ValidaTon	
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Signal	
  Strength	
  Across	
  Analyses	
  

•  Combine	
  2011	
  and	
  2012	
  data	
  

•  H-­‐>WW	
  	
  
– Does	
  not	
  have	
  mass	
  resoluTon	
  

– Has	
  the	
  best	
  esTmate	
  of	
  signal	
  
strength	
  because	
  of	
  the	
  large	
  
branching	
  fracTon	
  

•  All	
  analyses	
  are	
  consistent	
  
with	
  a	
  standard	
  model	
  Higgs	
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Compare	
  ggF	
  to	
  VBF	
  
•  Currently,	
  we	
  have	
  more	
  
sensiTvity	
  to	
  the	
  gluon-­‐
gluon	
  fusion	
  (ggF)	
  	
  
– ggF	
  is	
  sensiTve	
  to	
  new	
  
physics	
  

•  VBF	
  limit	
  is	
  dominated	
  
by	
  the	
  2	
  jet	
  limit	
  

VBF	
   ggF	
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Event	
  SelecTon	
  

Mean Number of Interactions per Crossing
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> = 19.5µ, <-1Ldt = 6.3 fb! = 8 TeV, s

> =  9.1µ, <-1Ldt = 5.2 fb! = 7 TeV, s

•  In	
  2011,	
  same	
  and	
  opposite	
  
flavor	
  channels	
  were	
  used	
  

•  In	
  2012,	
  increase	
  
interacTons	
  per	
  proton	
  
bunch	
  crossing	
  adversely	
  
affected	
  the	
  missing	
  
transverse	
  energy	
  (MET)	
  
resoluTon	
  
•  Same	
  flavor	
  has	
  special	
  
treatment	
  

•  The	
  following	
  slides	
  show	
  
the	
  event	
  selecTon	
  for	
  2012	
  
8	
  TeV	
  data	
  VBF	
  channel	
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eµ	
  Event	
  Display	
  

Missing	
  Transverse	
  Energy	
  
Electron	
  
Muon	
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Data	
  Driven	
  Top	
  NormalizaTon	
  
•  Use	
  1	
  btagged	
  jet	
  sample	
  to	
  normalize	
  top	
  at	
  each	
  cut	
  	
  
•  Top	
  is	
  NLO	
  generator,	
  so	
  it	
  is	
  not	
  expected	
  to	
  get	
  2	
  or	
  more	
  ISR/FSR	
  

correct.	
  	
  
–  Derive	
  an	
  uncertainty	
  by	
  comparing	
  to	
  Alpgen,	
  Sherpa,	
  and	
  Powheg	
  Ibar	
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•  SensiTve	
  to	
  direct	
  Higgs	
  to	
  
W	
  coupling	
  (no	
  loops)	
  

•  WH→lνlνlν	
  	
  
•  Search	
  for	
  3	
  isolated	
  
leptons+MET	
  

•  Split	
  analysis	
  into	
  Z	
  enriched	
  
and	
  Z	
  depleted	
  regions	
  

•  Current	
  expected	
  limit	
  is	
  4.0	
  
σSM	
  and	
  observed	
  is	
  7.5	
  at	
  
mH	
  =	
  125	
  
•  1.7	
  σ	
  excess	
  
•  Excess	
  is	
  mainly	
  from	
  the	
  
Z	
  depleted	
  region	
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•  SensiTve	
  to	
  direct	
  Higgs	
  to	
  
Z/W	
  coupling	
  (no	
  loops)	
  

•  ZH→ll	
  lνlν	
  
•  Search	
  for	
  4	
  isolated	
  
leptons+MET	
  

•  Split	
  analysis	
  into	
  1	
  SF	
  OS	
  
and	
  2	
  SF	
  OS	
  pairs	
  
•  Low	
  Mll	
  for	
  H-­‐>WW	
  
leptons	
  

•  Current	
  expected	
  limit	
  is	
  9.6	
  
σSM	
  and	
  observed	
  is	
  14.3	
  at	
  
mH	
  =	
  125	
  
•  1.5	
  σ	
  excess	
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